Tetragonal layered perovskite-type oxide systems Ca 2.73-m Nd m Mn 2 O 7-δ (0 ≦ m ≦ 0.18) and orthorhombic perovskite-type oxide systems having A-site vacancy, Ca 1-n □ n MnO 3 and Ca 0.9-n Nd 0.1 □ n MnO 3 , were synthesized by a standard ceramic technique. The thermoelectric properties such as Seebeck coefficient (S), thermal conductivity (κ) and electrical conductivity (σ) were investigated as functions of temperature and composition. The effect of insertion of rock salt layer or A-site vacancy to the perovskite-type structure on the thermoelectric properties, were clarified.
INTRODUCTION
Thermoelectric power generation 1) which is an useful energy supply system occurs by the difference in temperature. High temperature thermoelectric materials need high thermal and chemical stability for long time use at high temperatures in air. Therefore, the metal oxides which have both high thermal and chemical stability are one of suitable candidate for high thermoelectric materials.
The performance of thermoelectric materials is given by the figure of merit Z as follows,
The electrical conductivity of sintered sample was measured by the DC four-probe method at various constant temperatures in the temperature range from 873 to 1273 K. The thermal conductivity of sintered sample was measured by the comparison method at 873 K, and the Seebeck coefficient was also measured at the same temperature. where S, σ and κ is the Seebeck coefficient, the electrical conductivity and the thermal conductivity, respectively. Otaki et al.
2)3) reported Z = 0.14×10 -3 K -1 (ZT = 0.16 at T = 1173 K) for the polycrystalline sample of CaMnO 3 which has a perovskite-type structure. Further decrease in the thermal conductivity is necessary for the enhancement of the figure of merit 4) . In this study, we paid attention to perovskite-type related compounds which have Ruddlesden-popper structure 5) with a general formula of AO・n(ABO) 3 , or which have the A-site vacancy in perovskite structure with a general formula of A 1-x BO 3-x . Ruddlesden-popper structure includes lock salt layers (We called it heat resistance layers (HRL)). In the present study, the thermoelectric properties of the systems, Ca 1-m Nd m MnO 3 ( Fig.1(a) (Fig.1(b) ), and Ca 0.9-n Nd 0.1 □ n MnO 3 ( Fig.1(c) a rectangular shape and then subjected to rubber pressing at 2000 kgf cm -2 . These samples were sintered at 1573 K for 10 h and 1673 K for 10 h in air, respectively. The identification of the samples and the determination of lattice constant were performed by X-ray diffractmetry using Cu Kα radiation at room temperature.
(a) (b) (c) (Fig.2) . Figure 3 3 , when they were compared for the composition with the same m value. This result suggests that the HRL of the rock salt structure may disturb electrical conduction. Seebeck coefficient measurements showed n-type semiconductor for the all samples. Figure 4 shows the relationship between the power factor (S 2 σ) and the Nd content (m Figure 5 represents the thermal conductivity as a function of the Nd content. Here, the electronic thermal conductivity (κ e ) is given by the following equation:
where L represents the Lorenz number (2.44×10 -8 W S -1 K -2 ). On the other hand, the lattice thermal conduc tivity (κ L ) can be given by the following equation: 
A-site vacancy inserted in perovskite structure
The powder XRD patterns of Ca 1-n □ n MnO 3-n (0≦ n ≦ 0.1 ) and Ca 0.9-n Nd 0.1 □ n MnO 3 (0 ≦ n ≦ 0.1) were completely indexed according to the orthorhombic CaMnO 3 -type structure. The XRD patterns of Ca 1-n □ n MnO 3-n (0.1 ＜ n ≦ 0.3) should the mixed phases (Fig.6 ). Figure 8 shows the electrical conductivity of the Ca 0.9-n Nd 0.1 □ n MnO 3 system as a function of tenperature. The electrical conductivities of this system increased with increasing n up to n=0.1, and indicated the larger value than that of Ca 1-m Nd m MnO 3 . Here, the carrier generation mechanism of both Ca 1-m Nd m MnO 3 (Eq.4) and Ca 0.9-n Nd 0.1 □ n MnO 3 (0.05≦n) (Eq.5) are given by the following equations, respectively.
The larger electrical conductivities of Ca 0.9-n Nd 0.1 □ n MnO 3 ( 0.05≦n ) than that of Ca 1-m Nd m MnO 3 may originate from the increase in the carrier concentration according to Eqs. (4) and (5) . Although the electrical conductivity was increased by the insertion of A-site vacancy into the perovskite-type structure, Seebeck coefficient of Ca 0.9-n Nd 0.1 □ n MnO 3 did not change so much at 873 K. This reason is future problem. 
